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1 
The prescrit invention relates fo power plants 
and more particularly fo improved cooling and 
cowling means adapted for augmentation of the 
jet thrust developed by aircraft power plants. 
This invention il directed toward increasing  
the jet effect or thrust of the exhaust of an engine 
and augmenting the saine bY ifs cooperative 
action with the engine eooling air. The inven- 
tion consists essentially of an arrangement in 
which the energy and velocity of the exhaust I0 
gases are utilizid as they corne directly from the 
engine, or as they maybe increased by rammed 
air admitted fo the exhaust stacks or manifold. 
The improved arrangement c0ntemplates a paral- 
lel or co-axial travel of the cooling air about the 15 
hot exhaust gas duct in such a manner that the 
cooling air rammed within the engine cowling is 
heated both by the engine and by ifs passage 
along the exhaust duct fo increase ifs pressure af 
the point of discharge. The invention also is 20 
directed fo the improved hrust effect resulting 
from the force imparted by the exhaust nozzle 
upon the larger mass of. slower moving engine 
coolinE air, as well as fo improved engine cooling 
conditions and the cooling of the exhaust gases 25 
tending t0 improve flame dampening: 
If is accordingly a major object of this inven- 
tion fo augment the thrust of the power plant and 
propellerinstallation by utilization of the engine 
exhaust and the engine cooling air. A further 30 
object resides in an increasid jet effect obtained 
by imparting thrust fo a larger volume of slower 
moving engine cooling air. If is a corollary 
purpose fo provide for heating of the engine cool- 
ing air by the exhaust gases fo increase pressure 35 
of this cooling air af ifs discharge point. 
A further objective of this invention is fo pro- 
vide improved flame dampening and silencing by 
long travel of the exhaust gases, their cooling by 
the engine cooling air çassing around the ex- 40 
haust gas duct as well as by the admixture of 
rammed air therewith. If is also a purpose of 
the invention fo increase the circulation and 
volume of engine cooling air by the suction effect 
of the jet exhaust fo thereby improve the cooling 45 
of the engine. A further object resides in the 
provision of an installation in whlch infernal 
regulation of the volume of the engine cooling 
air is facilitated and the aerodynamic character- 
istics of the installation thereby improved. 50 
Other advantages and objects of the present 
invention will occur fo those skilled in the art 
after an understanding of the present invention 
as hereinafter described and shown in the accom- 
panying drawings forming a part hereof, in 55 
which: 
Fig. 1 is a perspective vlew 05 .a.n.irçrafç .power 
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2 
plant and propeller installatloi as supported from 
a wing and embodying a preferred form of this 
invention; 
Fig. 2 is a diagrammatic side èlevaional Sectiorï 
of the power plant installation of Fig. 1; 
lig. 3 is a front view of the installation shown 
in Fig. 2; 
Fig. 4 is a rear view of the saine; and 
Fig. 5 is a detailed cross-section of an inlet fo 
the exhaust duct. 
Rèîerring now o Figs. 1 and, 2, there is in- 
dicated an aircraft wing 10 from which is suit- 
ably supported an air-cooled engine 12 driving a 
tractor propeller 14 enclosed withn a streamlined 
nacelle 16. If will 5e understo0d that.in the case 
of single engined aircraft, the nacelle !  may be 
a central fuselage. The engine, which bas been 
selected for explanatory purposes.only, is of the 
air-cooled in-line type having ifs cylinders «r- 
ranged in the form of an inverted V,.but if Will 
of course be understood that. the present inven-. 
tion is equally applicable fo engines of othèç 
types. The engine .! 2 is provided with. a plurality 
of exhaust stacks oz railpipes  by which the. 
exhaust gases from each engine cylinder com- 
municate with the main rearwardly extending 
exhaust duct 20. " 
The nacelle or cowl I S is preferably oval-shaped 
in cross-section extending in a streamline form 
from a point well forward .of the wing teading 
edge rearwardly beyond the trailing edge of the 
wing beyond which if preferably terminates with 
a circular cross-section. The nacelle body IS.is. 
provided af ifs forward portion with an .inlet o 
mouth 22 into which cooling «if is rammed 1y 
the forward movement of the: aircraft, and the 
nacelle terminates in .a circular xit olening 24. 
at ifs trailing portion. The nacelle 16 is lorovided 
with a series of former rings 26, 28 and 30 uPon 
the forward one of which is mounted the engine 
flre-wall 2. The interior of the nacelle from the 
ire-wall 2 rearwardly is divided bya .substan- 
tially horizontal partitioningplate 4  which ex 
tends across the width of the nacelle af or slighty 
above ifs raid-portion, sloping slightly uDwardly 
t0 a point between the trailing edge of the Wing 
and the nacelle exit 24. " 
The exhaust duct 20, in thePreferred modifica- 
tion shown in the drawings, Is provided With  
rammed air inlet  facing into the nacelle inlet 
22 and preferably provided with a spring check 
valve 38 as more particularly Sh0wn in lig. 5. 
Thls check valve is preferably pvotally mounted 
af 4}, having an upwardly extending lever pot- 
tion 42 t0 which an «djustable tension spring 4 
is attached and connected fo a lug 4S on the top 
.o_f .the exhaust duct. The s6ring check valve.is 
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arranged in such manner that while the aircraft 
is at rest upon the ground, or being moved about 
at speeds below a predetermined magnitude, the 
rammed air forces acting upon the valve plate 
38 are insufficient to overcome the tension of the 5 
spring 44 and under these conditions the valve 
remains closed in its lower dotted position causing 
the exhaust gases to be discharged rearwardly 

moving air. This supplementary column of 
rammed air which is heated by both the engine 
and the exhaust duct is thus appreciably in- 
creased in pressure at the point of discharge to 
add to the thrust effect imparted to it by the 
exhaust gas nozzle. As a result of the long travel 
of the exhaust gases within the duct 20, as well 
as by the cooling effect of the engine cooling ah" 

within the duct 2{} without dilution by rammed passing rearwardly through the nacelle and 
air. When the speed of the aircraft is increased lO around the exhaust duct, the present arrange- 
above this predetermined level, as in flight, the ment provides a greatly improved flame dampen- 
rammed «if forces acting upon the valve plate 38 ing as wel as a silencing device. 
are suflicient to overcome the tension of the The present arïangement also accompiishes an 
spring 4 and the valve is opened to its upper improved cooling of the engine in view of the 
dotted position permitting cooling air to enter the 15 creased circulation and volume of the engine cool- 
exhaust duct 2{}. ing air as a result of the suction created by ira- 

A regulating valve 48 is preferably located 
within the nacelle aft of the wing trai!ing edge 
and forward of the nacelle exit 24 in the region 
of the trailing portion of the partition plate 3 
which termintes in a vertical partition plate }. 
Thé regulating valve 48 is preferably hinged at 
2 and has Pivotally connected toit an operating 
push-pull rod 4, the entire regulating valve and 
actuating mechanism being enclosed within the 
nacelle body and other portions of the alrcraft 
in communication with the pilot cockpit, or a 
suitable automatic control. The regulating baffle 
 may be notched to fit around the exhaust duct 
2{} but need not fit tightly against the inner walls 30 
of the nacelle as. a small air passage therethrough 
is desirable at all rimes. The exhaust duct 2  is 
preferably increased in cross-section at the point 
at which the engine exhaust gases 8 open into 
it but rearwardly of the engine it is preferably 5 
reduced gradually in cross-section and bent up- 
wardly to have its horizontal trailing portion dis- 
charge through n opening or n0zzle 8 centrally 

parting some of the force of the exhaust gases to 
this cooling air column. In other words the jet 
tlrust imparted by the exhaus_t nozzle  to the 
20 mass. of cooling air passing through the annular 
exit 24, in addition t0 the beneficial thrust ob- 
tained, lso serres as. an eductor device inducing 
a greater volume of çooling air to enter the 
nacelle mouh 22 and flow over the cylinders of 
25 the en_gine. - it will also be noted that among the 
îurther improved results obtained by the present 
jet arrangement, the overall aerodynamic re- 
sistance .of the power plant installation is ma- 
terially reduced by virtue of the internal regula- 
tion oî the cooling air volume as compared with 
prior arrangements which have been externally 
exposed t0 the surrounding air stream. A modi- 
fication of the present arrangement contemplates 
the omission of the inlet opening at 38 in the 
exhaust duct and the check valve 38 and in 
certain installations it may be desirable to 
insulate the nacelle interior. 
Other forms and modifications of the present 

or co-axially with the nacelle air exit 2. It is invention, both with respect to its general ar- 
also preferable that the duct 8 extend centrally 4O rangement and the details of its respective parts, 
and co-axially with the nacelle for a substantial which will become o.bvions to those skilled in the 
distance as shown in Fig. 2. art after an understanding of this invention, are 
The operation of the present jet augmented intended to fal within the scope and spirit there- 
power plant in flight is substantially as follows: of as more particularly set forth in the appended 
Assuming that the. aircraft is flown at a speed 45 claires. 
in excess of that at which the check valve is ad- I claire: 
justed to operate, rammed air is taken into the 1. An exhaust thrust augmenter for an air- 

inlet 22 of the nacelle lB, a portion of the air 
passing over the cooling fins of the cylinders of 
the engine 12 and a portion entering the inlet 5O 
oPening SB of the exhaust duct 2{} past the open 
valve 38. As indicated by the arrows in Fig. 2 
the cooling air passing over the engine cylinders 
and rearward!y within the nacelle |$, as well as 
about the exhaust duct 28, is heated by the engine 55 
exhaust gasçs and thus bas its pressure increased 
à it approaches the point of discharge ai 2. 
The flow of engine cooling air may be suitably 
Controlled, as indicated abo'e by the internal 
regulator plate 8 and its actuating mechanism 60 
The rammed air which entera the inlet 3@ of 
the  duct 2{} becomes thoroughly mixed with the 
exhaust gases entering the duct from the exhaust 
stacks ! 8, cusing a secondary or more complete 
combustion of the unburned fuel in the exhaust 
to thereby increase the exhaust gas pressures at 
the ourlet  of the exhaust duct 2. This jet 
thrust of the exhaust is increased by the dis- 
charge of the larger mass of slower moving engine 70 
cooling air passing out through the annular exit 
space 24 around the nozzle 8, through which the 
exhaust gases are discharged, thus creating an 

craït power plant comprising an air-cooled en- 
gine, a streamlined nacelle enclosing sald engini 
having a cooling air inlet opening at its for- 
ward portion and an air outlet opening at 
trailing portion arranged to direct cooling air 
flow from said inlet to sald engine, rearward 
through said nacelle and out through said out- 
let opening, an exhaust duct in communication 
with the exhaust gases from sald engine having 
a gradually diminishing cross-section terminat- 
ing in a nozzle common with the sald air cool- 
ing outlet of said nacelle, said exhaust duct hav- 
ing an i.nlet opening common to the cooling air 
inlet opening of sald nacelle arranged such that 
cooling air is admixed with sald exhaust gases 
from said engine to improve the combustion 
thereof, valve means disposed in the æaid duct 
65 inlet opening arranged to close the said exhaust 
duct inlet ab predetermined lower speeds of the 
aircraft, and a contro!lable valve for regu_lating 
the volume of engine cooling air through sid 
nacelle ourlet. 
2. An aircraft power plant installation com- 
prising an air-cooled engine, an elongated nacelle 
enclosing said engine, said nacelle having 
rammed air inlet at ifs forward portion for en- 

augmenting elïect by imparting the thrust force gine cooling air and an engine cooling air out- 
of the exhaust gas to a larger volume of slower 75 let at its trailing portion, and a single continu- 
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ous duct in communication with the exhaust of 
said engine disposed within said nachlle having 
ifs forward end open ata point forward of said 
engine to receive a portion of the rammed air 
flowing into the said nacelle air inlet, said duct 
having a gradually diminishing cross-section ter- 
minating in art ourlet centrally disposed in the 
nacelle cooling air outlet af the same transverse 
plane thereof arranged to impart augmented 
velocity fo said cooling air and increased thrust 
fo sald power plant installation. 
3. Au exhaust thrust augmenter for art aircraft 
power plant installation comprising-an alr-cooled 
engine, an elongated nacelle enclosing.said engine 
having a forward cooling air inlet opening and a 
rearward cooling air ourlet opening, said nacelle 
being el0ngated such that its length is greater 
than ttree rimes its greatest transverse dimen- 
sion, an exhaust duct in communication with said 
engine exhaustco-extensively disposed within 
said elongated nacelle, sald exhaust duct having 
a cooling air inlet within said nacelle inlet for- 
ward of said engine, said exhaust duct having an 
exhaust nozzle centrally dischargin fo the at- 
mosphere af the said nacelle ourlet olening, said 
exhaust duct having a gradually diminishing 
cross-sectlon as 
smallest diameter at said exhaust nozzle, the 
interior of sald nacelle arranged to cause cooling 
air admitted fo said nacelle air inlet to flow over 
the cylinders of said engine and rearwardly about 
the said exhaust duct and nozzle fo create an 
augmenting effect by imparting the thrust force 
of the exhaust in said exhaust duct to the larger 
volume of slower moving surrounding engine 
cooling air passing rearwardly through said 
nacelle ourlet, and valve means disposed within 
said nacelle externally of said exlaust nozzle for 
controlling the flow of said cooling air through 
said nacelle ourlet. 
4. In an aircraft having an alr-cooled engine, 
and a streamlined nacelle ertclosing said engine, 
means for augmenting the thrust of said engine 
including an exhaust duct extending substan- 
tially the full fore-and-art length of said nacelle, 
said duct being open af ifs forward terminal fo 
receive rammed fresh air entering the mouth of 
said nacelle ai a point forward of said engine, 
said duct provided adjacent ifs forward portion 
art of sald forward open extremity with connec- 
tions fo said engine for the flow of exhaust gases 
therefrom fo said duct, said duct having a grad- 
ually diminishing cross-section terminating in 
an open nozzle at ifs rear extremity centrally dis- 
posed within the ourlet af the trailing portion of 
sald nacelle, spring-biased valve means disposed 
within the forwardly opening extremity of said 
duct for automatically closing sald forward ex- 
tremity of said duct ai materially reduced and 
zero forward speeds and a controllable .valve 
means extending across the rear portion of sald 
 nacelle around said exhaust duct for controlling 
the cooling air flow across said engine and 
through said nacelle ourlet. 
5. In a propeller-driven aircraft having a wing, 
and a power plant including an air-cooled engine 
supported forwardly of the wing and a tream- 
lined nacelle suspended from said wing and in- 
cluding said engine; said nacelle being elongated 
longitudinally such that its length is greater than 
three rimes ifs maximum transverse dimension, 
means for augmenting the thrust of said power 
plant comprising an exhaust duct extending lon- 
gitudinally substantially the entire length of said 
nacelle, sald duct having an open forward ex- 

tremlty-disposed withln .the lnlet iortion of sald 
nacelle and extending longiudinally :rearwrdly 
with gradually diminishing cross-section in the 
rearward direction terminating in aï open noz- 
5 zle at its rearward extremity substantially cen- 
trally disposed within the tir exit opening at.the 
trailing edge of said nacelle, valve means disposed 
at the forward extremity of said exhaust duct 
aut0matically closable bel0w predetermined for- 
10 ward Velocities af which the rammedair effect 
is overcome and the forward extremity of. said 
exhaust duct is closed to said cooling air inlet, 
conduit means for the carrying of the exhaust 
gases from Said engine downwardly into the for- 
15 ward portion of.said.:ëxaus ' luct art of said 
automatic valve means, a transverse bulkhead 
disposed within the .art portion of said nacelle 
about the tralling portion of said exhaust duct, 
said transverse bulkhead having an opening 
20 therein for the passage of engine co01ing air 
therethrough, and controllable valve, means for 
said opening in sald'transverse bulkhead. 
6. In aircraft, a power plant installation, in: 
cluding an air cooled engine, a nacelle enclos- 
'25 lng sa.id engine, said nacelle having a forward 
cooling air inlet and a rearward cooling air out- 
let, an engine exhaust duct substantially co-ex- 
tensi¢e with the length of said nacelle, said duct 
having an inlet forward of said engine within 
3o said nacelle forward air inlet and an ourlet at 
said nacelle rearward air ourlet, conduit means 
for conducting exhaust gases from said engine 
fo said duct, automatic means .disposed within 
said duct in the.regi6n of the forward ertd there- 
5 of arranged to close'.said dUct inletin accord- 
ance with the c0oling air flow.into sald nacelle 
air inlet, valve means disposed within the cool- 
ing ïir flow within the.rearward portion o.fsaid 
nacelle exteriorly of the exhaust .duct, the said 
40 nacelle a.nd exhaust duct being substantially co- 
extensive in length such that they bave com- 
mon air inlets and common air outlets arranged 
fo admit cooling air fo said nacelle for cooling 
said engine and Go said exhaust duct for ad- 
mixture with said exhaust, and fo bave the en- 
45 
-gine cooling air accelerated af said common out- 
let:by said admixed engine exhaust fo augment 
the thrust of said power plant installation. 
7. An exhaust thrust augmenter for an air- 
craft power plant comprising an air cooled en- 
50 
gine; a nacelle enclosing said engine having a 
cooling air inlet opening af its forward portion 
and an air outiet opening at ifs trailing por- 
tion,  said nacelle arranged to direct cooling air 
55 flow from said inle fo sald engine, thence rear- 
wardly through said nacelle and outwardly 
through said ourlet opening; an exhaust duct in 
communication with the éxhaust gas ports of 
said engine having a gradually diminishing 
60 cross-seCtion rearwardly terminating in a nozzle 
common with the said air ourlet of said nacelle, 
Said exhaust duct having an inlet opening com- 
mon with the cooling air inlet opening of Said 
nacelle arranged such that cooling air is ad- 
65 mixed w!thin  said diict with said exhaust gases 
:from said engine; and valve means disposed in 
the said duct inlet opening arranged fo close 
the said inlet of sald exhaust duct at predeter- 
mined lower speeds of the atrcraft. 
7O 8. Au exhaust thrust augmenter for an air- 
craft power plant comprising an air cooled 
gine; a nacelle enclosing said engine having a 
Cooling air inlet opening at its forward portion 
and an air ourlet opening ai its trailing portion, 
75 said nacelle arranged to direct cooling air flow 
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frein said inlet te said engine; thence realvardly 
through said nacelle and.outwardly tbxough said 
outlet, opening; a duct in communication with 
the exhaust gases ïrom said engine having a 
gradually diminishing cross-section rearwardly 5 
terminating in a nozzle common with the said 
air ourlet of said nacelle, said exhaust duct hav- 
ing an inlet opening common te the cooling air 
inlet opening of said nacelle arranged such that 
cooling air is admixed with said exhaust gases 10 
frein said engine te improve the combustion 
thereof; and valve means disposed wihin said 
nace!le externatly of said exhaust duct for regu- 
lating the volume of engine cooling air passing 
rearwardly thr0ugh said nacelle. 15 
9. An aircraft power .plant installation com- 
prising an air cooled engine, an elongated nacelle 
enclosing said engine, said nacelle having an 
air inlet at its forward portion f.or the entrance 
of cooling air te the interior of said nacelle, 20 
said nacelle having an ourlet at its trailing por- 
tion, an elongated augmenter tube having its 
forward, portion in communication with the ex- 
haust gases fiera said engine, said elongated 
augmenter tube extending continuously ïrom 25 
the region o£ said engine in the forward-por- 
tion of said nacelle rearwardly te and through 
said ourlet af- said nacelle trailing portion, and 
a ïorwardly directed opening associated with 
the £orvard portion of said augmenter tube 
ranged for the entrance of cooling air ïrom 
said nacelle inlet into said elongated, augmenter 
tube îor admixture with said engine exhaust 
gases therewithin and the discharge thereoî frein 
said elongated augmenter tube into the air- 
stream through said nacelle ourlet. 
10. An aircraft power plant installation com- 
prlsing an air cooled engine, an elongated na- 
celle enclosing said engine, said nacelle having 
an air inlet af its forward portion for the 
trance o£ cooling air te the interior of said 
celle, said nacelle having an ourlet af ifs trail- 
ing portion, an elongated augmenter tube hav- 
ing its £orward portion in communication with 
the exhaust gases of said engine, said elongated 
augmenter tube extending continuously rear- 
wardly te and through said ourlet at said na- 
celle trailing portion, a £orwardly dïrected openï 
ing associated with the £orward portion of said 
augmenter tube arranged for the entrance oî 
cooling air into said elongated augmenter tube 
frein said nacelle air inlet, and valve means dis- 
posed within the forward portion of said aug- 
menter tu, be arranged for controlling the admix- 
ture of said cooling air and said exhaust gases 
within said augmenter tube. 
11. An aircraft power plant installation com- 
prising an air cooled engine, an elongated 
celle encI0sing saïd engine, said nacelle having 
an ail inlet at its forward portion for the en- 
france o£ cooling air te the interior of said na- 
celle, saidnacelle having an outletat its trafl- 
ing portion, an elongated augmenter tube hav- 
ing its forward portion in communication with 
the exhaust gases of said engine, said elongated 
augmenter tube extending, continuously rear- 
wardly te and through said ourlet af said na- 
celle trailing portion, a forwardly diiected open- 
ing associated with the forward portion of said 
augmenter tube.arranged for the entrance of 
cooling air into said augmenter tube for 
mixture with said engine exhaust gases there 
within and the discharge thereof from said aug- 
menter tube. into the airstream through said na- 
celle ourlet, first valve means disposed within the 
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trailing portion of said nacelle for controlling 
the relative ow of cooling air passing over satd 
engine for the cooling thereof and second valve 
means disposed within the forward portion of 
said augmenter tube for controlling the ow of 
coolng air into said augmenter tube. 
12. An aircraft power plant installation com- 
prising an air cooled engine, an elongated na- 
celle enclosing said engine, said nacelle hving 
an air inlet af ïts forward portion for the en- 
trance of cooling air te the interior of said na- 
celle, said nacelle having an ourlet at its trail- 
ing portion, an elongated augmenter tube hav- 
ing ifs forward portion in communication with 
the exhaust gases of said engine, said augmenter 
tube extending reaÆwaÆdly through said ourlet 
ai said nacelle trailing portion, a forwardly di- 
rected opening associated with the forward por- 
tion of said augmenter tube arranged for the 
entrance of cooling air into said elongated aug- 
menter tube for admixture with said engine ex- 
haust gases therewithin and the discharge 
thereof frein said augmenter tube into the air- 
stream through said nacelle ourlet, valve means 
operatively associated with said forwardly di- 
rected opening of said augmenter tube arranged 
or controlling the admixture of said cooling air 
and said exhaust gases thin said augmenter 
tube, and further valve means operatively 
mounted within said nacelle exteriorly of said 
augmenter tube for controlling the relative flow 
of cooling aoe passing over said engine for the 
cooling thereof " ' 
13. The combinat[on with an airm'a.ft power 
plant installation having an air coeled engine 
and a nacelle enclosing said engine, said 
celle having cooling air inlet and outlet open- 
ings at its leading and trailing extremities, of 
an engine exhaus dïct co-extensive with the 
length of said nacelle having an inlet ïorward 
of said engine adjacent said nacelle air inlet and 
an ourlet adjacent said air ourlet, means for 
conducting exhaust gases from said engine to 
said exhaust duct, valve means disposed within 
said nacelle arranged for the control oî the cool- 
ing air flow, said valve means being disposéd 
teriorly of the said exhaust duct, the common 
air inlets and outlets in both said nacelle and 
said exhaust duct arranged to admit cooling air 
te said nacelle for cooling said engine and to 
said exhaust duct for admixture with said ex- 
haust gases and .arranged such that the engine 
cooling air is accelerated at said common out- 
let by said admixed engine exhaust gases to 
55 augment the thrust of said power plant 
stallation. 
IICI-IA_I%D S. BOUTELL. 
IFEENCES CTED 
oo The following references are of record in the 
file of this .patent: 
UNITED STATES PATENTS 
Number Name Date 
65 1,279,128 Lake ............. ept. 17, 1918 
1,370,197 Bolotoff ........... Mat. 1, 1921 
2,048,399 Leaning ........... July 21, 193 
2,177,642 Fellers ........... Oct. 31, 1939 
2,390,161 Mercier ........... Dec. 4., 1945 
70 2,401,941 Lee ............. June ii, 1946 
OTHEI IEFEIENCES 
Ser. No. 326,141, Ramshorn (A. P. C.), pub- 
lished May 11, 1943. 
75 



